SUMMARY In order to investigate whether functional and morphological changes are present in the resistance vasculature before hypertension is established, isolated subcutaneous resistance vessels were studied from 21 young normotensive subjects with a family history of hypertension and 22 controls matched for age, sex, and weight. The vessels from the offspring of hypertensive patients displayed no morphological changes or differences in reactivity or sensitivity to the vasoconstrictor agonists norepinephrine, angiotensin II, serotonin, and vasopressin. In the presence of cocaine, however, vessels from offspring showed a significantly greater shift in sensitivity to norepinephrine, a phenomenon also observed in previous studies of vessels from hypertensive patients. The results suggest that in essential hypertension, while morphological and functional abnormalities of the resistance vasculature may develop as the blood pressure rises, a defect in neuroeffector activity is present before hypertension is established and may be a manifestation of abnormal sympathetic nervous system activity underlying the disease. phological characteristics of the resistance vessel wall are important in essential hypertension is most directly studied in isolated segments of such vessels. Recently it has become possible to obtain skin biopsies from subjects under local anaesthesia 1 from which resistance vessels may be dissected and their morphological and functional characteristics studied in a myograph.
T HE possibility that intrinsic functional or morphological characteristics of the resistance vessel wall are important in essential hypertension is most directly studied in isolated segments of such vessels. Recently it has become possible to obtain skin biopsies from subjects under local anaesthesia 1 from which resistance vessels may be dissected and their morphological and functional characteristics studied in a myograph. 2 Using this preparation, we have found that in vessels with diameters between 100 and 250 fim from patients with essential hypertension, there is medial hypertrophy, which is most prominent in the larger of these arteries. 3 In addition, we found a decreased sensitivity to calcium in norepinephrine (NE)-stimulated vascular smooth muscle (VSM) but no differences in VSM sensitivity or contractility in response to a number of different agonists. Further-more, NE dose-response determinations in the presence and absence of cocaine (an inhibitor of the amine pump in the nerve terminal) provided evidence for altered function of the neuromuscular junction. One way of addressing the question of the cause and effect relationship between these morphological and functional abnormalities and high blood pressure is to study the same parameters in a group of young people who are offspring of patients with essential hypertension and thus at increased genetic risk of developing hypertension.
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supine diastolic pressure were significant (/?<0.05), but the other parameters were not significantly different. All subjects gave informed consent, and the study was approved by the local ethics committee.
Preparation and Protocol
Resistance vessels were obtained from a biopsy of skin and subcutaneous fat 1.5 cm long, 0.5 cm wide, and 1 cm deep taken under local anaesthesia from the left buttock 1 ' 3 and placed in physiological salt solution (PSS). From each biopsy, two 2-mm vessel segments were dissected out and mounted in a myograph by threading them on two stainless steel wires.
2 The vessels were then equilibrated for 60 minutes in PSS at 37 °C. The PSS had the following composition (in mM): NaCl, 119; KC1, 4.7; KH 2 PO,, 1.18; MgSO 4 , 1.17; NaHCOj, 25; CaCl 2 , 2.5; EDTA, 0.026; glucose, 5.5; pH 7.4 when aerated with 5% CO 2 in O 2 . After equilibration, the media thickness of all vessels was measured through a light microscope, after which the vessels were, based on the passive tension length characteristic, 2 set to a normalized internal diameter at which the active response was near maximal. All vessels were then stimulated with K-PSS (PSS with KC1 substituted for NaCl on an equimolar basis) containing 5 fiM NE (Sigma) followed by two cumulative NE dose-response determinations (from 0.04 /xM to 5 /AM), the last one in the presence of 3 /i.M cocaine. All vessels from the first 15 subjects in each group were then further stimulated in accordance with the following protocol: 1) cumulative concentration response determinations to angiotensin II (Sigma), argininevasopressin (Sigma), serotonin (Sigma), and K + in random order as previously described 3 ; 2) calcium dose-response determination of NE-stimulated vessels as previously described 34 ; and 3) cumulative doseresponse determination to verapamil (from 10~8 M to 10~3 M, Sigma) of vessels stimulated with NE (2.5
For each parameter, the mean of the results from the two vessels from each biopsy was taken as representing the individual. The force development is expressed as media stress, which is force per media cross-sectional area, and as active pressure (AP), which is derived from Laplace's law (AP = AT/R, where AT is the active wall tension and R is the radius) and is equivalent to the pressure the vessel would have been able to contract against in vivo.
2 The sensitivity is determined as the concentration (ED^) that will give 50% of the maximal response and is given as pD 2 = -log(ED J0 ). The data are given as means ± SEM. The means are compared with Student's t test, and/? < 0.05 was considered significant.
Results
The vessel diameter for both groups was approximately 200 fi-m. The media thickness and media thickness/lumen diameter ratio were also similar (Table 1) . In Figure 1 it can be seen that although the regression line for lumen diameter versus media thickness was steeper for vessels from offspring than for vessels from controls, this difference also did not achieve significance. Neither the sensitivity, the media stress, nor the active pressure was significantly different for any of the agonists tested (see Table 1 ). However, the effect of cocaine on NE sensitivity was greater in vessels from offspring ( Figure 2 ). The calcium metabolism of these vessels was assessed by determination of calcium sensitivity, rate of relaxation after washing out of K-PSS containing NE, and relaxation in response to cumulative concentrations of verapamil. None of these measures of calcium metabolism was significantly different in the vessels from offspring of hypertensive patients (see Table 1 ).
Discussion
This study demonstrates that resistance vessels from normotensive first-degree relatives (offspring) of essential hypertensive patients are morphologically similar to those from normotensive control subjects with no family history of the disease. Moreover, reactivity and sensitivity to a number of vasoconstrictor substances were similar in the two groups. However, when exposed to NE and cocaine, vessels from offspring showed an increase in shift in sensitivity, a finding already reported for vessels from essential hypertensive patients. 3 Previous studies of vascular morphology in relatives of essential hypertensive patients have been indirect. For example, Takeshita et al. demonstrated that the forearm vascular resistance at maximal vasodilatation was increased in subjects with a family history of hypertension. 5 In contrast, Gudmundsson et al. were unable to detect such changes in calf muscle resistance. 6 In the present study, direct measurements of the resistance vasculature failed to reveal any morphological difference between vessels from offspring of hypertensive patients and vessels from controls. Although there was a tendency toward medial hypertrophy in the offspring, this was not significant, and it is perhaps relevant that the blood pressure was slightly (but significantly in the case of supine diastolic pressure) higher in the offspring. Our previous studies of resistance vessels from hypertensive patients demonstrated medial thickening sufficient to account for the elevated blood pressure. 3 This finding emphasizes the strong association between blood pressure and media thickness. On the other hand, the present data do not demonstrate that medial thickening precedes blood pressure elevation but rather indicate that this process proceeds pari passu with blood pressure elevation. The question as to whether medial thickening is a primary or secondary event is, however, not answered by these two studies.
Previous reports about the lack of enhanced sensitivity to pressor agonists of isolated vessels from essential hypertensive patients 3 -7 " 10 agree with present findings observed in offspring. This is also in accord with a recent report, where similar responsiveness to NE and serotonin was noted in cystic arteries from relatives, although there was increased sensitivity to vasopressin."
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•pD 2 = -log(ED5o). tAfter washout of K-PSS containing 5/xM NE. Calcium handling in these vessels was assessed 1) by carrying out calcium dose-response curves of NEstimulated vessels and, from these curves, determining pD 2 (Ca); 2) by evaluating spontaneous relaxation after washout of the stimulating solution; and 3) from verapamil-induced relaxation. We have previously seen that similar vessels from essential hypertensive patients exhibit reduced calcium sensitivity and an increased rate of relaxation. 3 However, two groups 12 ' 13 have reported that the response to verapamil was enhanced in resistance vessels from the forearms of patients with essential hypertension. The combination of reduced calcium sensitivity and an enhanced response to calcium antagonists has also been seen in the aorta of the spontaneously hypertensive rat.
14 It seems reasonable that a tissue that is more dependent on calcium for contraction should be more susceptible to the effects of calcium antagonists. On the other hand, it is unlikely that reduced calcium sensitivity and an increased rate of relaxation, as is seen in essential hypertension, 3 would be among the causes of increased peripheral resistance. Certainly the present study has shown that these events are not among the predisposing factors, and it is more likely that they develop in parallel with high blood pressure. This interpretation is supported by the observation of a trend, although not significant, toward negative correlation between blood pressure and calcium sensitivity in similar vessels from patients with uremic hypertension 1 and also by the finding that calcium sensitivity increases after antihypertensive treatment of the spontaneously hypertensive rat. 15 The increased effect of cocaine on the NE sensitivity of vessels from offspring of hypertensive patients suggests an increased neuronal uptake mechanism in nerve terminals mediated by the amine pump. 16 This finding also implies that there is a significant difference in either pD 2 (NE) or pD 2 (NE plus cocaine) between the controls and the offspring. That such a significant difference was not found suggests that a type-two error is involved. The increased effect of cocaine is present in established hypertension 3 but now appears to precede the development of hypertension. This supports the contention, based on a number of in vivo assessments of sympathetic function in normotensive relatives and borderline hypertensive persons, 17 " 20 that altered sympathetic nervous activity may play a primary role in initiating the hypertensive process. Further detailed examination of this neuronal defect may provide exciting insight into the pathogenesis of essential hypertension.
